In fast-track field production of bare-root perennials, plants are grown for only one season to produce as many divisions as possible from the plant harvested. Plants are transplanted into the field in the spring, harvested and divided in the autumn of the same year. Crown division is the most common propagation method used for Astilbe, Hemerocallis, and Hosta. Therefore, in bare-root field production, crown development is of major importance. Crown size is a significant contributing factor to the number and vigour of divisions. Consequently, it may be critical to divert photoassimilate away from flowering shoots and towards crown development.
In fact, Dantuluri and Misra (2002) demonstrated that removing the flowering structures of Asiatic Lily increased carbon supply to economically important yield components. Removing the flower buds of Easter Lily increased carbon supply to the bulb (Wang and Breen, 1986) . Flower removal in soybean has also been shown to increase total dry matter content of the plant (Heitholt and Egli, 1985) . Timing of removal is also important because source-sink relationships change during plant development (Preston, 1998) .
With little information available on the species under study, the current research attempted to enhance our knowledge of the effects of inflorescence removal at different timings on propagule formation, growth and development of Astilbe ×arendsii, Hemerocallis spp. and Hosta spp.
Materials and Methods
Replicated field trials were conducted at Balamore Farm Ltd, Great Village, Nova Scoof three rows, 45 cm apart, with a spacing of 20 cm between plants within rows. Field plots were 2 × 1 m in 2002; 1 × 1 m in 2003.
Irrigation was provided every 3 to 4 d, starting at the end of June. Plants were fertilized before planting with 560 kg·ha -1 of 12-24-24 NPK, at the beginning of June with 392 kg·ha -1 of 9-9-9 NPK and at the beginning of August with 336 kg·ha -1 of 9-9-9 NPK. Season 1 (2002) . A separate randomized complete block experiment was designed for each crop: Astilbe 'Fanal', Hosta 'Gold Standard' and Hemerocallis 'Happy Returns'. Inflorescences were removed manually using secators every 2 to 3 d. Four treatments were evaluated: 1) no removal (control), 2) removal at inflorescence emergence ( Fig. 1) , 3) removal at preflower (Fig. 2) , and 4). Removal at full flower (Fig. 3) , 1999 ). An analysis of variance at levels α = 0.05 and α = 0.10 was conducted using the PROC GLM procedure. A pairwise means comparison was done using the Fisher's least significant difference (LSD) test.
Results and Discussion
The summary of ANOVA for the effect of time of inflorescence removal on the variables measured during the experiment is presented in Table 1 .
Astilbe. In 2002, only plant height measured on 14 Aug. (postbloom) was significantly higher for plants with inflorescences removed at full flower compared to plants receiving the other treatments. Growth index and division formation were not significantly affected by inflorescence removal. In the second year, plant height and growth index were not affected by any inflorescence removal treatment, neither were the number of shoots, the number of buds and the number of divisions per plant. Higher shoot and root fresh weights were observed when inflorescences were removed at full flower compared to removal at inflorescence emergence or preflower, but were not significantly different from control plants. Removing inflorescences at emergence or preflower suppressed Astilbe plant growth compared to controls (Table 2) .
In 2002, the number of divisions per plant was not significantly affected by inflorescence removal. The average number of divisions per five plants for all treatments was 5.2, which indicates only slightly more than one division per plant (data not shown). In 2003, plants were generally more productive (average of 2.1 divisions/plant); but the number of divisions per plant was not significantly affected by inflorescence removal.
Inflorescences at emergence and preflower require energy to expand and develop and are expected to be more competitive sinks than inflorescences at full flower (Jeuffroy and Warembourg, 1991) . Inducing changes in partitioning by sink removal may promote vegetative growth and favour shoot and root development (Talwar et al., 1992) . The results observed with Astilbe are not consistent with the previous statement; shoot and root fresh weights were reduced after inflorescence removal at emergence and preflower. Plants were continually producing flowers for a period of time. Removal was practiced every two to three days. It is possible that the optimum timing for inflorescence removal may have been missed and that the young developing flowers remaining on the plant may have acted as strong sinks before being removed.
Hemerocallis. In 2002, inflorescence removal at inflorescence emergence led to significantly taller plants compared to plants with inflorescences removed at preflower (Table 3 ). In 2003, no significant difference in height was observed among the treatments. Also in 2003, inflorescence removal had no effect on shoot or root fresh weight, on the number of fans or the number of buds per plants. Inflorescence removal at emergence enhanced divisions significantly compared to removal at preflower stage. However, there was no significant increase in divisions compared to the controls (Table 3) . Throughout its development, the Hemerocallis flower changes from acting as a carbohydrate sink during expansion to become a strong source during senescence (Bieleski, 1995) . The inflorescence emergence timing would correspond to a preexpansion stage, just before the flower becomes a sink. The preflower timing would correspond to the expansion stage. The full flower timing would relate to the senescence stage. Removing the inflorescence at preexpansion stage should allow the carbohydrates to be allocated to other sinks (for example, the crown) and may explain the increase in the number of divisions (the proportion of plants producing more than one divisions per plant was 100% compared to 60%) when inflorescences were removed at inflorescence emergence compared to the preflower stage (Fig. 4) . Zhou and Zeng (1995) also observed that, at the budding stage in Hemerocallis citrina, the flower buds become highly competitive for photosynthates and few of the assimilates are retained in the leaves. It is also possible that removing inflorescences manually causes injury. Injuring plant tissues has been demonstrated to increase endogenous ethylene concentration. Although ethylene concentration was not measured in this study, it is possible that the increased divisions could have been caused by injury-induced ethylene, altering sink activity (Wang et al., 1990) .
Hosta. The data for Hosta ('Francee') was available only in 2003. Inflorescence removal significantly inhibited plant height when performed at emergence or preflowering stage. Although the response was not statistically significant, the effect of inflorescence removal on the growth index showed a similar trend (Table 4) .
Shoot and root fresh weights were not influenced by inflorescence removal. There was also no significant difference for the number of shoots per plants. However, the number of buds per plant was higher for plants with inflorescence removed at emergence than for plants with inflorescence removed at full flower. These buds develop during the following season, resulting in larger plants which can be divided into several parts.
Inflorescence removal significantly increases divisions when done at pre-and full flower compared to control plants (Table 4) . Only 50% of control plants produced two divisions per plant while 100% of the plants receiving the two other treatments (removal at pre-and full flower) produced two or more divisions per plant (Fig. 5) . This suggests that inflorescences act as strong sinks and sink activity intensifies as flower development progresses. It was anticipated that inflorescences would act as sinks and that the removal would eliminate sink competition favouring division formation. The lack of significant reduction in plant growth, as seen from growth index and plant height suggests that competition among sinks is low and that perhaps, injury-induced ethylene may be involved.
After flowering, depending on the length of the growing season, some Hosta plants will undergo a second flush of growth (Solberg, 1996) . The plant needs to flower in order to undergo this new shoot development that will increase size and consequently, may increase number of divisions. If the industry allows for a late harvest, for example in November (growth period of 6 months), the second flush of growth may be beneficial as the plants will have time to produce new shoots and perhaps increase crown size. However, if plants are harvested early (growth period of 4 months), new shoots act as sinks for carbohydrates (Wardlaw, 1990) and less resources are available for the crown before the plant is harvested and consequently, divisions formation would be impaired.
The three species responded differently to the inflorescence removal treatments. Accord- ing to these results, removal of inflorescence was not beneficial for enhancing propagule formation in Astilbe. It appeared that the inflorescence of Astilbe was not as strong a sink for carbohydrates as it may be for other species. The low division formation of control plants also suggests that Astilbe may not be suitable to be used in a 1-year production cycle and may need more than one season to increase in crown size. Since Astilbe 'Fanal' is an early bloomer, it may be possible that inflorescence removal stimulates the production of new inflorescences. Although the number of flowers was not recorded, it is probable that the plant keeps utilising assimilates for flower production instead of reallocating them towards crown development. For Hemerocallis, inflorescence removal treatments did not increase the number of divisions compared to untreated plants. The results suggest that inflorescences at emergence are stronger sinks than at preflower. The cultivar 'Happy Returns' used in this study is a rebloomer, meaning that it produces flowers continually from June until frost. Because of that, inflorescence removal at emergence may not be practical at a commercial level.
The flower scapes of Hemerocallis 'Happy Returns' can reach 45 to 60 cm and represent a considerable portion of total plant weight. The scape is composed of photosynthetic tissues. Although the Hemerocallis flower is known to be an important sink for carbohydrates (Bieleski, 1995) , the scape may be a source. The inflorescence at pre-and full flower, with the presence of the photosynthetic scape, would not be a sink and the removal would have little or no effect on sink-source relationships.
For Hosta, plants with inflorescences removed at pre-and full flower produced respectively 40% and 53% more divisions than control plants. Seed production requires the most energy and nutrients in Hosta (Solberg, 1996) . Inflorescence removal at a further stage than full flower but before seed production may contribute to increase the number of divisions to >53%. Considering the tall structure of the Hosta flower scape, removal at these stages on a larger scale may be practised using simple farm equipment.
Conclusions
The results of this research revealed that inflorescence removal has economic implications for commercial bare-root production which need to be verified on a larger field scale. The three species responded differently to the inflorescence removal treatments. For Astilbe, inflorescence removal had no effect on division formation. Plant growth was suppressed due to removal at inflorescence emergence and at preflower stages. For Hemerocallis, inflorescence removal at emergence enhanced divisions compared to removal at preflower stage. However, there was no significant increase in divisions compared to the controls. For Hosta, plants with inflorescences removed at pre-and full flower produced respectively 40% and 53% more divisions than control plants.
